Background {#Sec1}
==========

Preconception health is critically important to promote favourable maternal and infant outcomes in both the short- and long-term. Adverse lifestyle factors and unhealthy weight status prior to pregnancy are now recognised as important factors associated with reduced fertility \[[@CR1]\], excessive gestational weight gain \[[@CR2]\], postpartum weight retention, and high long-term weight status in both mothers and offspring \[[@CR3]\]. Furthermore, the preconception period is considered a unique opportunity for the reduction of risk factors linked with non-communicable diseases in offspring \[[@CR4]\]. Mechanisms by which maternal preconception health can impact offspring health include epigenetic alterations to gene expression occurring soon after conception \[[@CR5]\], via poorer pregnancy outcomes associated with maternal over- or undernutrition \[[@CR5]\], or via environmental and social impacts \[[@CR6]\].

In 2006, the Centers for Disease Control and Prevention (CDC) published a report of recommendations to improve preconception health and care in the US \[[@CR7]\]. Since then, there has been a marked increase in preconception research and international and national health bodies \[[@CR2], [@CR8], [@CR9]\], including the World Health Organization \[[@CR10]\], have identified preconception as a key life phase for health promotion.

However, there is a lack of consistency in the use of the term "preconception" leading authors to preach an absence of useful definitions \[[@CR11]\], in particular with regard to defining the preconception population. This is despite the fact that concepts relevant to preconception populations have been outlined in detail. Yet these concepts focus on the "what" and the "how", for example improving the health of reproductive age women ("what") and reproductive life planning ("how"), rather than focusing on the "who" i.e. defining the key attributes of a preconception population \[[@CR12], [@CR13]\]. Understanding the *who* is essential for the progression of appropriate research and designing targeted interventions to promote health preconception. Indeed, in research, defining your population is a methodological requirement for selecting your study sample \[[@CR14]\].

With this issue in mind, the 2018 *Lancet* series on preconception health posited three perspectives upon which to conceptualise the preconception period \[[@CR15]\]. These were: \[[@CR1]\] the biological perspective, encompassing the days to weeks before embryo development \[[@CR2]\]; the individual perspective, which includes a conscious intention to conceive, and is typically weeks to months before pregnancy; and \[[@CR3]\] the public health perspective, which occurs over the longer period of months to years with the goal to address preconception risk factors. These definitions provide a useful, evidence-based framework to identify critical preconception time points, as well as upon which to target various individual and public health initiatives to improve preconception health outcomes. However, they do not go so far as to identify the specific attributes of potential preconception populations.

With the absence of an agreed definition of 'preconception', researchers, health professionals, and policy makers have had to form their own, leading to confusion and a lack of comparability. Given the importance of preconception health for future maternal and offspring health, our understanding of preconception populations must deepen. Robust and appropriately targeted research are dependent on understanding the characteristics of the group, yet no studies have specifically investigated the characteristics or attributes of "preconception" that will enable the population to be defined and targeted effectively. To this end, the overall aim of this paper was to explore the concept and attributes of the preconception population. Specifically, we aimed to \[[@CR1]\] identify the characteristics of preconception populations in the literature and identify recruitment methods of this group; and \[[@CR2]\] use a concept analysis framework \[[@CR16]\] to generate an attribute-based working definition of a preconception population informed by existing literature.

Methods {#Sec2}
=======

Stage 1: identifying common characteristics of preconception populations {#Sec3}
------------------------------------------------------------------------

Stage 1 addressed the first aim of this study, to identify the characteristics of preconception populations in peer-reviewed literature and explore the recruitment methods of this group. Recruitment methods were specifically explored because they centre on the target population, which was the concept of interest for this study.

### Search strategy {#Sec4}

A rapid literature search was performed using the Cumulative Index to Nursing and Allied Health Literature (CINAHL) Complete database. The subject heading 'pre-pregnancy care' was used to identify relevant articles that included related terms such as preconception care, pre-conceptual, attempting conception, preconception, and peri-conceptual. The search was limited to articles published within the last 10 years to focus on a contemporary definition of preconception populations.

### Eligibility criteria {#Sec5}

Studies were required to: \[[@CR1]\] recruit participants (men and/or women) for primary research during the preconception period (not pregnant at recruitment) \[[@CR2]\]; refer to the population as preconception (or related term e.g. pregnancy planning) in the title or abstract \[[@CR3]\]; provide clear detail about the characteristics of the recruited population \[[@CR4]\]; involve humans; and \[[@CR5]\] be peer-reviewed and published in English between 2008 and 2018.

Papers were excluded if they \[[@CR1]\] solely recruited participants with chronic conditions who routinely receive specific medical preconception care (e.g. people with human immunodeficiency virus, epilepsy, type 1 diabetes, cystic fibrosis, severe mental illness, or polycystic ovary syndrome) \[[@CR2]\]; solely recruited individuals who were receiving assisted reproductive therapy (ART) as specific preconception care is routinely provided \[[@CR3]\]; were retrospective; or \[[@CR4]\] were letters to the editors, commentaries, or protocols.

### Screening process {#Sec6}

Duplicates were removed and titles and abstracts, then full texts, were screened by two authors (BH and SC). Double screening was performed on 10% of the papers to establish reliability \[[@CR17]\].

### Data extraction and analysis {#Sec7}

Data were extracted by two authors (BH and SC) using a piloted data extraction form which included study aim, explicit and implicit definitions of preconception, participant inclusion and exclusion criteria, participant characteristics, and recruitment methods. Where available, protocol papers or other publications relating to the same study were checked for additional recruitment information. The findings summarised in the data extraction tables were synthesised narratively to create a profile of the characteristics of preconception populations and recruitment methods employed in the included studies.

Stage 2: concept analysis {#Sec8}
-------------------------

The second aim of this study, to generate a working definition of the preconception population and associated attributes, was achieved via concept analysis. A concept analysis provides guidance in understanding a concept of interest that is vaguely defined or poorly understood \[[@CR18]\]. It involves the dissection of a concept into simpler elements to promote clarity and understanding and can help elucidate its meaning or definition. Our concept analysis of the term "preconception population" was guided by the eight-step method described by Walker and Avant, which included selecting a concept, determining the aims of the analysis, identifying possible uses of the concept, determining the defining attributes, identifying model cases, identifying additional cases, identifying antecedents and consequences, and defining empirical referents \[[@CR16]\]. Descriptions of these steps are outlined in Table [1](#Tab1){ref-type="table"}. Table 1Walker and Avant's eight steps of concept analysis with applied methodologySteps of concept analyses as defined by Walker and Avant (2011)Definition of steps of concept analyses as defined by Walker and Avant (2011)Methodology applied 1. Select a concept.Choose a concept to explore.Concept chosen by authors discussing variants of terminology describing preconception populations. 2. Determine the aims of the analysis.Determine the aims or purposes of the analysis.Aims of the analysis were decided upon by the authors considering the available literature and applying their research experience. 3. Identify all of the possible uses of the concept.Identify as many uses of the concept as you can find.After conducting the literature searches and applying inclusion/exclusion criteria, authors extracted all terms and definitions used to explain the targeted or included population.Authors combined and considered all terms and definitions to generate an agreed, general use (or uses) of the concept 'preconception population'. 4. Determine the defining attributes.Identifying they key attributes that are most frequently associated with the concept.Extraction of all described characteristics of included or target populations from inclusion criteria and results of papers.Authors combined and considered all defining attributes and generated the key defining attributes of the preconception population. 5. Identify model cases.A model case which represents a pure example of the concept or a paradigmatic example which demonstrates all the concept's defining attributes.Extraction of the key defining attributes of included or target population.Authors combined and considered all defining attributes and generated hypothetical case studies to represent model cases of a preconception population. 6. Identify borderline, related and contrary cases.Identifying, examining and defining cases which slightly differ or are contrary to the concept.*Borderline cases:* examples that contain most of the defining attributes of the concept but not all of them.*Related cases:* instances of concepts related to the concept under investigation but do not include all the defining attributes.*Contrary cases:* clear examples of 'not the concept'.Extraction of exclusion criteria and consideration of any potentially ineligible characteristics.Authors combined all additional cases and generated hypothetical case studies of borderline, related and contrary cases. 7. Identify antecedents and consequences.Recognising the circumstances which must/can occur before (antecedent) or after (consequences) the occurrence of the concept.A defining attribute cannot be an antecedent or consequence.Using the extracted participant characteristics and inclusion/exclusion criteria, the authors considered all potential antecedents or consequences relevant to a preconception population.Authors combined these to generate the key antecedents and consequences of the preconception population. 8. Define empirical referents.Phenomena that occur or are means by which key attributes of the concept can be measured. In more abstract concepts an example might be "kissing" being an empirical referent for "affection".Discussion of the key referent points that allow definition and use of the concept of preconception populations.

### Literature search {#Sec9}

In addition to the included papers from Stage 1, an additional search of relevant publications was performed to provide rich and comprehensive data and ensure that seminal and other key papers on the topic were considered. The additional search included \[[@CR1]\] searching relevant documents and media outlets including national guideline bodies in key developed countries (e.g. UK, US, Canada, Australia) such as the UK National Institute for Health Excellence (NICE) guidelines and 'The Conversation' (an independent source of news and views, sourced from the academic and research community and delivered direct to the public), and \[[@CR2]\] conducting a general search of preconception and relevant terms (as described above in Stage 1) on CINAHL and Google Scholar, without restriction to the other inclusion and exclusion criteria. Relevant papers known to the authors were also included at this stage (including papers pertaining to the US CDC and Select Panel on Preconception Care \[[@CR7]\]). For inclusion, documents were required to be identified in Stage 1 or \[[@CR1]\] published in English, \[[@CR2]\] mention preconception (or similar term) in the title or abstract/summary, and \[[@CR3]\] from non-commercial sources.

All potentially eligible papers and documents were read in full by two authors (BH and SC) and the 10 most relevant and seminal papers/documents were selected for inclusion. This decision was made by two authors (BH and SC) independently choosing their top 10 papers/documents then discussing their choices and agreeing on the final papers and documents.

Two authors (BH and SC) independently extracted data relating to the eight steps from all papers identified as eligible in Stages 1 and 2. Subsequently, the authors collaboratively generated a summary of the concept analysis findings, and using the concept analysis methodology, developed a reflective, literature-informed definition of a preconception population.

Results {#Sec10}
=======

Stage 1: identifying common characteristics of preconception populations {#Sec11}
------------------------------------------------------------------------

### Search and screening process {#Sec12}

The search was conducted in April 2018. Flow of included studies is presented in Fig. [1](#Fig1){ref-type="fig"}. Titles and abstracts of 970 papers were screened (with good reliability achieved on a 10% double screened subsample; kappa = 0·8) \[[@CR17]\]. Ninety-eight papers were eligible for full text screening (kappa = 0·6 for 10% subsample). Twenty-three papers representing 19 studies were eligible for inclusion. Details pertaining to study characteristics and recruitment methods are presented in Supplementary File [1](#MOESM1){ref-type="media"} and summarised below. Fig. 1Flow of studies at Stage 1 and Stage 2

### Definitions of preconception {#Sec13}

Only one study explicitly defined the preconception population, defined as "women with desire to conceive" \[[@CR19]\]. Implicit definitions were similar in theme, primarily centring on intentions for pregnancy or current pregnancy plans. One study focused on women and couples of childbearing age \[[@CR20]\], whilst another focused on couples with fertility problems \[[@CR21]\].

### Inclusion and exclusion criteria {#Sec14}

Regarding inclusion criteria of participants, most studies specified recruitment of women only (*n* = 13), with one solely recruiting men \[[@CR22]\]. Age criteria varied, albeit most (*n* = 12) studies recruited participants aged 18 to 45 years. Twelve studies specified that participants must be planning a pregnancy, including specific time scales such as within 1 year, sometime in the future or currently trying to become pregnant. Relationship status was an explicit criterion in three studies, with two allowing only married participants (conducted in Iraq and Vietnam) \[[@CR23], [@CR24]\] and one specifying that participants must be in a stable relationship \[[@CR25]\]. Many studies also stipulated health or reproductive history criteria such as absence of fertility or reproductive issues (*n* = 4) \[[@CR25]--[@CR28]\], no health risk factors (*n* = 2) \[[@CR29], [@CR30]\], receipt of preconception care consultations (*n* = 2) \[[@CR19], [@CR31]\], being on a waiting list for in vitro fertilisation (*n* = 1) \[[@CR21]\], and previous miscarriage (*n* = 2) \[[@CR32], [@CR33]\]. Exclusion criteria were less specified, however these included ongoing pregnancy or breastfeeding (*n* = 5) \[[@CR20], [@CR24], [@CR26], [@CR31], [@CR34]\], history of infertility or adverse pregnancy events (*n* = 4) \[[@CR20], [@CR26], [@CR31], [@CR32]\], multiple pregnancy (*n* = 1) \[[@CR29]\], and contraceptive use (*n* = 1) \[[@CR26]\].

### Participant characteristics {#Sec15}

A total of 12,427 participants (131 males and 12,296 females) were included; mean age ranged from 25·4 to 36·7 years (range 14--42). Reporting of other demographic variables was inconsistent, hence data are reported only from the studies that provided information: 669 participants were described as having no children, ranging from 9 to 87% in individual studies and 4541 had one or more children; 5700 were married or living with partner, ranging from 64 to 98% in studies; 704 reported white ethnicity (37--95%); 2657 were employed (35--98%); and 1711 had been educated to university level (7--86%) and 633 to secondary education level (31--66%; see Additional File [1](#MOESM1){ref-type="media"}).

### Recruitment methods {#Sec16}

Studies provided varying detail regarding their recruitment methods. Clinic/hospital settings included premarital clinics (*n* = 2) \[[@CR23], [@CR30]\], preconception clinics (*n* = 2) \[[@CR21], [@CR31]\], obstetric/gynaecological clinics (*n* = 2) \[[@CR20], [@CR29]\], general hospital setting (*n* = 1) \[[@CR32]\], health centres (*n* = 2) \[[@CR24], [@CR32]\], ART clinic (*n* = 1) \[[@CR20]\], and a women's clinic (*n* = 1) \[[@CR35]\]. Recruitment from the general population occurred primarily via the Internet/websites (*n* = 5) \[[@CR22], [@CR25], [@CR26], [@CR34], [@CR36]\], social media (*n* = 5) \[[@CR20], [@CR22], [@CR25], [@CR34], [@CR35]\], posters/flyers in the community (*n* = 3) \[[@CR20], [@CR25], [@CR26]\], television, print or radio media (*n* = 2) \[[@CR25], [@CR26]\], or word of mouth (*n* = 2) \[[@CR20], [@CR36]\].

Stage 2: concept analysis {#Sec17}
-------------------------

### Steps 1 and 2: select a concept and determine the aims or purposes of analysis {#Sec18}

Our concept of interest was the "preconception population" and the purpose of this analysis was to generate a working definition of a preconception population focused on attributes, using concept analysis principles and existing literature.

### Step 3: uses of the concept {#Sec19}

A summary of the included studies and papers as they pertain to Steps 3 to 8 are included in Additional File [2](#MOESM2){ref-type="media"}. These relevant documents included the report *Making the Case for Preconception Care* published by Public Health England in 2018 \[[@CR37]\]; a chapter on preconception care from the *Family-Centered Maternity and Newborn Care: National Guidelines* published by the Public Health Agency of Canada in 2017 \[[@CR9]\]; a consensus statement from the Clinical Workgroup of the National Preconception Health and Health Care Initiative (USA) \[[@CR38]\]; a 2017 statement on pre-pregnancy counselling developed by the Royal Australian and New Zealand College of Obstetricians and Gynaecologists \[[@CR39]\]; and various reviews published in academic literature \[[@CR11], [@CR15], [@CR40]\].

There was a notable absence of the concept of the "preconception population" in the literature, however the term "preconception" was broadly used in the context of women's health before or around pregnancy or conception. For example, some documents focused on preconception *care* and related needs \[[@CR41], [@CR42]\], while others were focused on preconception *health* as a concept \[[@CR11], [@CR22]\]. Studies tended to define preconception as a time period rather than a population, for example referring to women before conception \[[@CR33]\] or before a pregnancy \[[@CR24], [@CR28]\], or using "time to pregnancy" as a measure of the preconception period \[[@CR33]\].

### Step 4: defining attributes {#Sec20}

Three defining attributes were present for all cases of preconception participants. These were (1) reproductive age; (2) man or woman; (3) woman or partner were not pregnant. These attributes were encompassed across the literature^e.g.,11,40^ and include the majority of the adult population, therefore we broke this down into four definitions where more specific attributes could be applied (see Fig. [2](#Fig2){ref-type="fig"}). Firstly, the *public health preconception perspective* includes the three defining attributes described above, but includes only individuals who are not sexually active. The *potential preconception perspective* includes three of the four defining attributes in the public health perspective (reproductive age, man/woman, not pregnant), however, the criteria for not being sexually active is changed to include only individuals who are sexually active, including those who partake in intercourse without using effective contraception or who experience contraceptive failure. This encompasses men or women who may go on to experience unplanned pregnancies. The *intentional preconception perspective* includes the four potential preconception population defining attributes, plus a conscious decision to conceive and/or an element of pregnancy planning. In this way, the intentional perspective focuses on women or men with pregnancy intentions, whether or not specific behavioural changes have been made towards preparing for pregnancy. The *life course perspective* recognises that preconception health can be addressed throughout the life course by targeting populations that do not meet the criteria for the other definitions, for example adolescents or pregnant women. One final approach should be considered that is cross-cutting across the other perspectives; a systems approach to addressing preconception health is essential to support activities across all other perspectives and includes adequate policies and guidelines regarding lifestyle and health; these were reflected in many of the included documents. All of these perspectives apply equally to men and women, to same sex couples and to solo mothers by choice. Fig. 2The four perspectives upon which to define preconception populations

### Step 5: model cases {#Sec21}

Examples of model cases for the identified perspectives were created through discussion and reference to existing literature and are presented below. Each one contains the defining attributes. Consider the following example model cases:

Public health preconception perspective:"*"Toni is 26 years old, is not pregnant, and is not currently sexually active."*"Potential preconception perspective:"*"Toni is 26 and not pregnant. She is not currently planning a pregnancy, but she is sexually active. However, she regularly forgets to take her oral contraceptive pill and sometimes her partner does not wear a condom when they have sex."*""*"Jaime is 19. He is regularly sexually active with his new girlfriend who is not pregnant. They are careful and use a condom every time."*"Intentional preconception perspective:"*"Toni is 26 and not pregnant. After discussion with her partner, she has decided that they would like to start trying to have a baby this year. She has stopped taking her oral contraceptive pill and she and her partner deliberately do not use condoms when they have sex."*""*"Jaime is 19 years old. He is regularly sexually active with his new girlfriend who is not pregnant. They have decided they would like to get pregnant as soon as possible."*"

### Step 6: borderline, related, and contrary cases {#Sec22}

There were some instances where studies recruited or referred to populations that did not meet the defining attributes of a preconception population. A *borderline* case contains most, but not all, of the defining attributes of the concept. The following constructed example illustrates a borderline case from a potential perspective. Here, Sophia has not indicated a specific future pregnancy intention or any pregnancy planning, but might be considered preconception."*"Sophia is 20, not currently pregnant, is not currently sexually active, but is due to marry soon."*"A *related* case occurs when a concept is related to the concept of interest but does not contain all defining attributes. The following constructed example may more closely align with the concepts of preconception care \[[@CR43]\] or reproductive life planning \[[@CR12]\], but does not contain all the defining attributes for a preconception population from an intentional perspective."*"Jo is 27. She is not currently pregnant but recently gave birth to her first child. Jo and her partner have resumed intercourse after Jo's recovery from labour and delivery. They think they would like to try for a sibling for their daughter but would like to wait a bit longer and are using condoms when they have sex. Nevertheless, Jo is careful about her reproductive health and has made an appointment at a preconception care clinic to ensure she is healthy and to make any necessary behavioural changes or preparations for future pregnancies."*"A *contrary* case is a case that does not meet any of the defining attributes ("not the concept"). The following constructed example is a contrary case for both the potential and intentional perspective because Sarah is not currently partaking in intercourse, experiences a permanent form of contraception and is not planning a future pregnancy."*"Sarah is 32. Recently, after giving birth to her first child, she had medical complications which resulted in a hysterectomy meaning she can no longer become pregnant. She is abstaining from sex with her partner while she recovers."*"

### Step 7: antecedents and consequences {#Sec23}

From the public health perspective, the antecedent to preconception would be childhood or puberty. From a potential perspective, the antecedent is when one becomes sexually active. From an intentional perspective, the antecedent is the decision and action of stopping the use of contraception and/or the act of making a decision that results in a pregnancy intention. Antecedents could be considered flags to identify individuals who may become preconception in the near future.

For the concept of the "preconception population", there are two consequences. Firstly, a woman (or female partner) becomes pregnant. The second alternative is that the individual exits reproductive age, for example after going through menopause. In the literature, only the consequence of pregnancy was considered in studies which followed women until they reported a pregnancy \[[@CR33]\].

### Step 8: empirical referents {#Sec24}

In the concept of the preconception population, intercourse and the use of contraception may be easily measured by asking a simple question. Pregnancy planning (intentional perspective) is often retrospectively assessed via a single item (e.g., "was your pregnancy planned?" \[[@CR44]\]) but can be assessed more comprehensively using the London Measure of Unplanned Pregnancy (LMUP) \[[@CR45]\]. The LMUP is a 6-item measure that encompasses contraceptive use, feelings about pregnancy, pregnancy intentions (including discussions with partner) and health actions to prepare for pregnancy. However, the LMUP is designed for use during or after pregnancy, and therefore is retrospective. Whether considering the preconception population from a public health, potential, or intentional perspective, there is a need for a validated scale to assess prospective pregnancy intentions. Key opportunities to assess intentions regarding a future pregnancy include adolescents learning about preconception health and family planning during sexual education classes in school, when women visit a medical practitioner to talk about contraceptive use or for cervical screening, when women marry or attend preconception care clinics or in the postnatal period. A new, validated measure that could be applied in these contexts is the Desire to Avoid Pregnancy scale, a 14-item tool that explores attitudes towards pregnancy across cognitive, affective and practical domains \[[@CR46]\].

Discussion {#Sec25}
==========

The overall aim of this paper was to explore the concept and attributes of the preconception population and generate a working definition based on the characteristics and recruitment methods identified in the literature coupled with a concept analysis guided by Walker and Avant's \[[@CR16]\] framework. Analysis of the included studies confirmed that preconception populations are poorly and inconsistently defined and described in the literature. Our concept analysis revealed four key perspectives of a preconception population: public health, potential, intentional, and life course (see Fig. [2](#Fig2){ref-type="fig"}). Each of these is applicable in certain contexts and can be applied prospectively, enabling researchers, healthcare professionals, and policy makers to proactively address preconception health behaviours and care in these populations.

The public health preconception perspective provides a broad and encompassing definition of a preconception population, which would be most suited to population wide research. Despite variation in participant demographic characteristics and recruitment methods, the majority of included studies defined their preconception populations as reproductive-aged. Interestingly, there was little consideration of males. This is noteworthy given the biological and psychological influence men can have on the health of a pregnancy and child \[[@CR47], [@CR48]\]. Furthermore, while the literature was focused on women, and to a lesser extent men, this definition can include other gender identities that are capable of supporting reproduction through provision or donation of egg or sperm. The public health preconception definition would facilitate large, population level research and subsequent, long-term health promotion interventions that captures individuals who do not consider preconception an important life phase to them \[[@CR15]\]. We decided to limit our public health perspective to the four defining attributes of reproductive age, man or woman, not being pregnant, and not sexually active. This differs from Stephenson et al. \[[@CR15]\] who posit that the public health perspective captures other sensitive phases of the life course such as adolescence. Our life course perspective captures these populations.

The potential preconception perspective includes individuals who are sexually active, including those that have intercourse without using effective or appropriate contraception. This perspective recognises the increased likelihood of pregnancy due to the behaviour of intercourse, however does not include any explicit cognitive considerations of pregnancy planning. This group necessarily incorporates women or couples that are not planning a pregnancy. A key criticism and barrier faced by researchers in the preconception field is how to recruit both individuals who are planning and not planning a pregnancy. In Stage 1, studies were very much focused on those who were planning pregnancy and this was reflected in the studies' recruitment strategies. It is possible that the challenge of recruiting research participants who are not planning a pregnancy has been a deterrent or barrier to research in this population. With up to 50% of pregnancies unplanned \[[@CR49], [@CR50]\], a large group of individuals who are 'at risk' of pregnancy are not captured in this research, limiting our understanding of these individuals and potentially excluding them from key health support or interventions. This possible exclusion is problematic as unplanned pregnancies are associated with adverse maternal and infant outcomes \[[@CR51]--[@CR53]\]. While public health initiatives can attempt to reduce the incidence of unplanned pregnancies (and are indeed essential), adopting and considering this potential preconception perspective may allow preconception research and health promotion to reach this at-risk population.

The intentional preconception perspective is identifiable by the addition of the conscious decision to conceive and/or pregnancy planning activities. This is perhaps the most recognisable definition of a preconception population, as was evident in the types of studies that were identified in the search. In many cases, individuals planning pregnancy seek out preconception care of their own volition and may be more likely to engage in healthy behaviours or cessation of unhealthy behaviours (e.g., smoking \[[@CR54]\]). Pregnancy planners may be easier to target for research and intervention.

The life course preconception perspective is also important to consider. Specifically, the other three perspectives do not fully capture the breadth of preconception populations and the strategies needed to reach individuals on the periphery. The primary studies included in this concept analysis did not address this broader perspective, which incorporates a systems approach to addressing preconception health, as well as targeting individual behaviour change at life phases that are not captured elsewhere. Systems approaches are widely recognised as essential to achieving reductions in adverse public health problems such as smoking and obesity \[[@CR55], [@CR56]\] and have also been applied to obesity prevention across the preconception, pregnancy, postpartum, and early life phases \[[@CR57]\]. Stephenson et al. highlight that health behaviours may become established before reproductive age and thus one of the challenges of improving preconception health is to reach women and men across the life course \[[@CR15]\]. For example, reaching adolescents or those who are newly sexually active will ensure that individuals are targeted as they transition into a preconception population. We also acknowledge that the systems approach can and should be applied across all of the preconception definitions identified.

Despite the potential use of the preconception definition and essential attributes outlined herein, it is essential to consider the borderline and related cases that were identified in this analysis. These cases represent the 'at risk' groups or 'near misses' who may be under researched or do not receive preconception care. For example, in some cultures and countries, being recently married, without any behavioural or pregnancy intention is considered a trigger to receive preconception counselling and/or support. Similarly, in the case of Jo, described above, the preconception population criteria for the intentional perspective are not met, but her efforts to prepare herself for pregnancy clearly identify her as a preconception woman. While the public health definition of a preconception population may capture these women, strategies for this group may not be appropriately tailored to the varying needs within the group. Thus, it is important to think beyond the prescribed definitions of preconception populations when necessary, to ensure that key populations are not excluded.

Limitations {#Sec26}
-----------

The findings of this review may be limited by the inclusion of only one database for the search. The CINAHL database was selected based on its diversity of literature across a range of allied health professions and disciplines such as nursing, medicine, nutrition and general health, and because the key word search encompassed broad ideas of preconception populations. This approach was considered appropriate given concept analyses do not require extensive literature searches. Furthermore, in Stage 2, the specific exclusion criteria from Stage 1 (used to achieve specificity within the search) were lifted to capture a broader range of relevant literature. The findings may also be limited by the subjective nature of the concept analysis, which is qualitative and could be affected by inherent and unrecognised bias in the data collection and analysis process. However, the use of the structured framework by Walker and Avant and the systematic search process may have gone some way to mitigating this limitation. Furthermore, the concept analysis was conducted collaboratively among the authors with extensive discussion to ensure varying points of view were considered. This review may also be limited by the state of the literature. Specifically, the search highlighted that there are relatively few studies that actively and prospectively recruit preconception women, possibly because the population has been so hard to define.

An important limitation to consider is that this concept analysis is the first attempt to ascribe attributes to preconception populations. Consequently, these definitions require refinement and attention to additional perspectives beyond what are available in the published literature. This includes the views of experts in the field, including researchers, practitioners, policy makers, and consumers/public. The next planned step is to conduct a consensus development exercise to make sense of these definitions in the real world.

Conclusion {#Sec27}
==========

We propose definitions of preconception populations across life course, public health, potential, and intentional preconception perspectives. They consider the attributes of men and women who may be classified as being preconception, e.g. planning pregnancy, as well as those who may not identify as preconception, e.g. those using contraception. Adopting these definitions will allow researchers to accurately identify and recruit their target preconception populations and to develop interventions that are appropriately broad or tailored depending on population needs. In addition to using these proposed attribute-based definitions to recruit appropriate preconception research populations, they can be considered alongside the definitions proposed by Stephenson et al. for broader public health and health promotion purposes \[[@CR15]\]. Governing bodies should ensure that appropriate policies, guidelines and directives consider all preconception perspectives to ensure that key or vulnerable populations are not missed. Importantly, reaching preconception populations may require approaches that overlap across these perspectives. The definitions of preconception populations described will make it easier to understand, reach and improve the wellbeing of preconception individuals, which is essential to promoting general health, facilitating healthy pregnancies, and ensuring the health and wellbeing of future generations.
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